Background: Increasing the prevalence of optimal breastfeeding practices, including exclusive breastfeeding for 6 months, could prevent an estimated 823,000 child deaths annually. Self-efficacy is an important determinant of breastfeeding behaviors. However, existing measures do not specifically assess exclusive breastfeeding self-efficacy, but rather self-efficacy for any breastfeeding. Hence, we sought to adapt and validate an instrument to measure exclusive breastfeeding self-efficacy. Methods: We modified and added items from Dennis' Breastfeeding Self-Efficacy Scale-Short Form (BSES-SF). It was then implemented in an observational cohort in Gulu, Uganda at 1 (n = 239) and 3 (n = 238) months postpartum (clinicaltrials.gov NCT02925429). We performed inter-item and adjusted item-test correlations, as well as exploratory factor analysis and parallel analysis at 1 month postpartum to remove redundant items and determine their latent factor structure. We further applied confirmatory factor analysis to test dimensionality of the scale at 3 months postpartum. We then assessed the reliability of the scale and conducted tests of predictive and discriminant validity. Known group comparisons were made by primiparous status and correct breastfeeding knowledge.
Background
Exclusive breastfeeding, i.e. the provision of human milk only and no other foods or liquids except medicines, saves lives and provides optimal and complete nutrition to infants [1] . It increases the survival, health and development of all children and contributes to the health and economic capital of women and their families [2, 3] . The World Health Organization, Centers for Disease Control and Prevention and American Academy of Pediatrics recommend early initiation of breastfeeding (within one hour of delivery), exclusive breastfeeding for the first 6 months of life and continued breastfeeding for at least two years [4] [5] [6] [7] . Scaling up these optimal breastfeeding practices can prevent an estimated 823,000 child deaths and 20,000 breast cancer deaths every year [6] . Despite the substantive benefits from optimal breastfeeding [8] and, consequently, the risks of non-exclusive breastfeeding, exclusive breastfeeding rates remain low. Only 40% of infants younger than 6 months worldwide are exclusively breastfed [2, 9] .
Many determinants have been identified that facilitate or deter breastfeeding behavior. Indeed, breastfeeding determinants operate across multiple dimensions of the socioecological model from the individual (mother-infant dyad) [10, 11] , to the family, community, healthcare system, and cultural belief systems [12] [13] [14] .
At the individual level, affective characteristics, or the feelings that capture people's ways of responding, are fundamental to behavior [15] . Self-efficacy is an affective characteristic that has been identified as one of the strongest predictors of a range of behaviors, including breastfeeding [12] . Defined as a belief in one's ability to succeed in executing a specific behavior [16] , self-efficacy is critical to initiation and continued breastfeeding behavior [17] . As such, the ability to meaningfully assess perinatal levels of self-efficacy is valuable for both predicting breastfeeding initiation and breastfeeding behavior over time [18] .
There are several existing instruments to measure breastfeeding self-efficacy [11, [19] [20] [21] [22] . Of these instruments, Dennis' Breastfeeding Self-Efficacy-Short Form (BSES-SF), which was developed for measuring breastfeeding self-efficacy among Canadian mothers, has been used most widely [11] . However, none of the instruments, including the BSES-SF, specifically measure exclusive breastfeeding self-efficacy; they measure confidence in any breastfeeding. Yet the focus on exclusive breastfeeding self-efficacy is important, especially in contexts where breastfeeding often continues well into the second year of life. Women in these settings are likely to feel confident in their ability to initiate and practice continued breastfeeding. However, because other foods and liquids are typically introduced before 6 months [23] , self-efficacy for exclusive breastfeeding is likely to be low.
To measure self-efficacy, Bandura recommends using a behavior-specific technique, which includes capturing self-efficacy in one's ability to perform the behavior and the skills or tasks necessary to complete the behavior [16] . Dennis applied these recommendations to her breastfeeding self-efficacy theory [17] and subsequent BSES-SF [11] . Essentially, breastfeeding self-efficacy captures a range of cognitive components, including 1) whether a mother chooses to breastfeed exclusively, 2) her effort expended, 3) how she perseveres when challenges arise, and 4) if she will be self-critical or self-encouraging to support her breastfeeding behavior, and 5) how she manages exclusive breastfeeding behaviors [17] . The other component, which includes behavioral skills associated with breastfeeding, captures 1) confidence in the baby's latch, 2) identifying breast health issues and, 3) learning behavioral skills to overcome perceived or real barriers (e.g., hand-expressing breast milk, asking family members to not supplement with other foods). Thus, high levels of exclusive breastfeeding self-efficacy are foundational to successful exclusive breastfeeding initiation and continuation.
Therefore, to account for the specific tasks involved with exclusive breastfeeding and the beliefs associated with it, we adapted Dennis' BSES-SF for the Ugandan context of women exclusively breastfeeding to create a scale to specifically measure self-efficacy for exclusive breastfeeding [11] . Our objectives were to (1) adapt the BSES-SF to emphasize exclusive breastfeeding for use in a setting where continued, but not exclusive, breastfeeding is common; (2) conduct psychometric testing of this adapted scale using breastfeeding and health-related factors.
Methods

Study settings and data collection
For this study we used data collected between October 10, 2012 and January 19, 2015 from the parent studies: Prenatal Nutrition and Psychosocial Health Outcomes Study (PreNAPS, ClinicalTrials.gov # NCT02922829), and Postnatal Nutrition and Psychosocial Health Outcomes Study (PostNAPS, ClinicalTrials.gov # NCT02925429). Data were collected from the antenatal care clinic at the Gulu Regional Referral Hospital in Gulu, Uganda. The purpose of the parent study was to explore links between food insecurity, psychosocial health and nutrition during pregnancy and postpartum. Study procedures have been described elsewhere [24] [25] [26] . Briefly, 403 pregnant women (between 10 and 26 weeks) who were living < 30 km of Gulu Regional Referral Hospital, had knowledge of their HIV status met eligibility criteria and were offered enrollment in the PreNAPS study, and followed monthly during pregnancy if they consented. All PreNAPS participants who delivered after 9 May 2013 and had a live singleton birth were invited to participate in PostNAPS; all women accepted the invitation (n = 246). Data on socio-demographic factors, exclusive breastfeeding, exclusive breastfeeding social support, depression, wealth, and other health-related outcomes were collected at 1 week, then 1, 3, 6, 9 and 12 months postpartum; however, only data from 1 and 3 months were used for the development and validation of the BSES-EBF Scale [24, 26] because information about mother's breastfeeding self-efficacy was asked at these two time points only.
Participant characteristics and validation items
Demographic data included information on household size, parity, age, gravidity, and educational level. Wealth was operationalized based on participants' possession of twenty different household assets outlined in the socioeconomic module of the 2009-10 Uganda National Panel Survey [26, 27] using principle component analysis, which was then tertiled. Health information included maternal HIV status (determined at the postnatal care clinic prior to enrollment into the PostNAPs study), maternal depression (assessed using the Center for Epidemiological Studies depression scale) [28] and maternal general social support (assessed through an adapted version of the Duke UNC functional social support questionnaire) [29] . Similar methods for the development and validation of this scale were used in our previously published paper on exclusive breastfeeding social support [30] .
Breastfeeding characteristics included assessments at one month postpartum of: participants' correct knowledge of exclusive breastfeeding [determined by two questions which asked how long a baby could thrive on breastmilk alone (6 months) and the best way to feed a baby for the first six months (human milk only)], exclusive breastfeeding social support (determined by a validated scale that assessed three dimensions of social support: instrumental, emotional and informational) [30] , and how the infants were fed based on participants' recall of infant feeding practices.
Exclusive breastfeeding self-efficacy item generation and adaptation
We modified and adapted the breastfeeding self-efficacy scale-short form (BSES-SF) to develop items for our exclusive breastfeeding self-efficacy scale [11] . The BSES-SF consists of 14 items and was designed to measure breastfeeding self-efficacy among postpartum women in Canada and has subsequently been adapted and validated in many settings worldwide [31] [32] [33] [34] [35] [36] , however we are not aware of a published adaptation for anywhere in sub-Saharan Africa. We modified two items of the 14 items and added five items to ensure our adapted version reflected maternal confidence and commitment to EBF in the Ugandan context (Table S1 ). Item generation and adaptation was based on a review of EBF literature and local knowledge of exclusive breastfeeding practices. As part of assessing the content validity of items, four experts in the fields of nutrition, public health, breastfeeding, and medicine reviewed the adapted scale to determine if the items were appropriate or tangential indicators of exclusive breastfeeding self-efficacy and relevant to a low-resource setting. These same experts reviewed each of the items for clarity and intent and other modifications made.
The item generation and adaptation of the BSES-SF produced an initial set of 19 items (Additional file 1: Table S1 ). Experts who reviewed the items suggested retaining all 14 items from the BSES-SF, with slight modification to two items to make them more specific to exclusive breastfeeding. Five additional items were also recommended to reflect exclusive breastfeeding self-efficacy: (1) "I can always make enough breast milk to satisfy my baby's hunger", (2) "I can always make good quality breast milk that has everything that my baby needs to grow well and be healthy", (3) "I can always make decisions about how my baby is being fed", (4) "I can always exclusively breastfeed without my baby receiving even a drop of water or any other liquid", and (5) "I can always stop someone from trying to feed my baby liquids or foods other than breast milk, including purchased baby foods (e.g. infant formula, milk, porridge, juice, tea) before 6 months of age." The response categories from the BSES-SF were retained for the modified scale, i.e. (1) not at all confident, (2) not very confident, (3) sometimes confident, (4) confident, and (5) very confident. The scale items were then forward translated into Acholi and Langi, and backward into English before being used for data collection. Our scale resulted in 19 questions which were administered in the PostNAPS study.
Data analysis
We used data from the 1 month (n = 239) and 3 month (n = 238) postpartum visits. Data were analyzed in six phases: descriptive analysis, item reduction and functionality, extraction of factors, test of dimensionality, reliability and validity. Data were analyzed using Mplus v. 8.0 (Los Angeles, CA: Muthén & Muthén) and STATA v.14 (College station, TX: StatCorp LP).
Descriptive analysis
Descriptive statistics including proportions, means and standard deviations of the demographic, health, and breastfeeding behavior variables were first estimated.
Item reduction and functionality
Following similar methodological techniques to the development of our exclusive breastfeeding social support scale [30] , we then conducted item reduction tests that included items that were functional, parsimonious, and internally consistent [37] . For the initial 19 items, we examined response proportions, means, and variances between items for adequate variance. Items were dropped if they were poorly functional, i.e. they had an item-total correlation of less than 0.30. Secondly, items with 5 or more inter-item correlations below 0.2 were dropped to increase homogeneity [38] . Since all 19 items were measured at the ordinal level and consisted of 5 categories, we estimated polychoric (inter-item) and polyserial (item-total) correlations using both maximum likelihood and weighted least squares with mean and variance adjustment estimators to determine which items should be dropped from the tentative scale [38] [39] [40] .
We then re-assessed the inter-item and adjusted itemtotal correlations on the remaining items to ensure our items were functional. We hypothesized that this set of items would correlate highly with the underlying construct we intended them to measure [41] .
Extraction of factors
Extraction of factors serves two purposes in scale development; 1) the number of factors that fit a set of items is determined and, 2) it contributes to construct validity. The emphasis is on the number of factors, the salience of factor loading estimates, and the relative magnitude of residual variances [39, 42] . We used two techniques to identify the appropriate number of factors to retain at 1 month postpartum. Exploratory factor analysis (EFA) was used with Kaiser eigenvalue > 1 rule and Cattell's scree test to determine the number of factors to retain [43] [44] [45] . At this stage, item loadings < 0.30 were dropped because they fell below the threshold and were considered misrepresentative of the factor [40, 46] . We operationalized items as continuous and therefore used oblique rotation with maximum likelihood (ML) for the extraction process [47] . To validate the factors retained, we did a sensitivity test applying Horn's parallel analysis [48] . Meaningful model fitness was determined by using a number of model fit indices with satisfactory thresholds including, chi-square test of model fit, Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), Root Mean Square of Error Approximation (RMSEA≤0.10), Tucker Lewis Index (TLI ≥ 0.95), Comparative Fit Index (CFI ≥ 0.95) and Standardized Root Mean Square Residual (SRMR≤0.08) [49] [50] [51] [52] [53] [54] . The results from this analysis provided the hypothesized factor structure to be tested with data at a later time point (i.e. from the 3-month postpartum visit).
Test of dimensionality
The test of dimensionality is a confirmatory test where the hypothesized factors or factor structure extracted from a previous model is tested [40, 55] . Our hypothesized factor structure was tested using confirmatory factor analysis (CFA) using oblique rotation with maximum likelihood estimator. A number of model fit indices with satisfactory thresholds were used to determine meaningful model fitness for the test of dimensionality. This included chi-square test of model fit, AIC, BIC, RMSEA, TLI, CFI, and Weighted Root Mean Square Residual [49] [50] [51] [52] [53] [54] .
Model modification
Model modification is used in confirmatory factor analysis to improve model fitness using modification indices while providing remedies for discrepancies between proposed and estimated models [53, 56] . Modifications can be made to items if they are theoretically justifiable, few in number, and they do not have a major impact on estimates of other parameters in the model [53, 56, 57] . We did this in Mplus and then examined the results for the largest modification indices and for error terms associated with the observed indicators. Partial correlations were then estimated on identified error terms to improve model fitness [53, 56] . With a stronger identified model, we tested for the reliability and validity of the scale.
Reliability of exclusive breastfeeding self-efficacy scale
Reliability is the degree of consistency when a scale or measure is repeated under identical conditions [58] . We assessed the reliability of the scale using Cronbach's coefficient alpha and coefficient of stability [38, 59] . The coefficient alpha assesses the internal consistency of the scale i.e. the degree to which the set of items in the scale co-vary, relative to their sum score [38, 42, 60] . Reliability was assessed for EBFSE Scale at 1 and 3 months postpartum using Cronbach's alpha. An alpha coefficient of 0.70 was determined as acceptable threshold for reliability; 0.80 and above is preferred for the psychometric quality of scales [46, 59, 61] .
The coefficient of stability is used to assess how consistent a participant's performance on a scale is when repeated over time. We assessed coefficient of stability through test-retest reliability [38] . This was indexed by a correlation coefficient at 1 and 3 months postpartum. The acceptable threshold for a test-retest analysis is a correlation of 0.70 for 100 participants across a three month interval [53] .
Validity of exclusive breastfeeding self-efficacy scale
Validity of a scale is how well it measures what it is intending to measure [38] . The final scale items and associated dimensions were tested for their predictive and discriminant validity, as well as known group comparison using data at 1 month postpartum (n = 239).
Predictive validity is how well test scores predict outcomes (i.e., exclusive breastfeeding) in the future. We assess predictive validity using a Student's t-test followed by logistic regression [38, 60] . Predictive validity of the two-dimensional BSES-EBF Scale at one and three months was assessed against exclusive breastfeeding behavior at one, three and six months postpartum. We hypothesized that participants who reported breastfeeding would have higher scores on the BSES-EBF Scale and both dimensions of the scale would predict exclusive breastfeeding behavior.
Discriminant validity is the degree to which a scale is able to capture a distinct construct and not reflective another construct(s) [38] . We assessed discriminant validity through a two-factor latent variable model (LVM), with a factor for each of the two constructs measured by first, the two dimensions of BSES-EBF Scale and second, Exclusive Breastfeeding Social Support. The next test was conducted between BSES-EBF and maternal depression, as the two variables have been found to be divergent [11] . We then calculated the point and interval estimate of the interrelationships giving us the 'true' correlational estimates between the unobservable constructs for the population [38] . Discriminant validity was assessed by predictably low/weak correlations between BSES-EBF Scale score and the other constructs not measuring BSES-EBF [38, 62] .
We also assessed known group comparisons, i.e. groups we expected to experience higher scores on BSES-EBF Scale. This is an approach that examines the distribution of a newly developed scale score over known binary items [38, 62] . We used breastfeeding knowledge and primiparous status as the groups and hypothesized that participants with correct breastfeeding knowledge and multiparae would have significantly higher BSES-EBF Scale mean scores than participants with incorrect breastfeeding knowledge and primiparae.
Convergent validity was not assessed as there was no construct similar to exclusive breastfeeding self-efficacy in our data. Additionally, criterion concurrent validity was not assessed, as no 'gold standard' has been developed for measuring exclusive breastfeeding self-efficacy. Nonetheless, the use of these three approaches provide multiple evidence to support the validity of the BSES-EBF Scale [38] .
Results
Participant characteristics
The mean age of participants was 25.2 with a range of 16 to 42 years (Table 1) . Each woman had a mean of 1.6 children with an average household size of 4.6. One-quarter (23.1%) were primiparous and 36.8% were HIV positive. As for education, approximately half (55.7%) had less than primary education.
The General Social Support scale produced a mean score of 19.1 ± 4.2, with a Cronbach's alpha of 0.86. Mean CES-D score was 18.5, with a Cronbach's alpha of 0.89 (Table 1) .
Of the 239 participants, 58.2% were considered as having adequate exclusive breastfeeding knowledge. At one month postpartum, 63.9% reported exclusively breastfeeding their infants (Table 1) . We assessed breastfeeding social support using the Exclusive Breastfeeding Social Support scale which consists of three breastfeeding dimensions: Instrumental, Informational and Emotional [30] . At one month postpartum, the instrumental exclusive breastfeeding social support score was 4.8, with a Cronbach's alpha of 0.78; the emotional exclusive breastfeeding social support score was 13.2 with a Cronbach's alpha of 0.85; and the informational exclusive breastfeeding social support score was 7.4 with a Cronbach's alpha of 0.83.
Item reduction and functionality
Our criteria for item reduction and functionality resulted in the deletion of 8 of the 19 items. All eight items had less than 0.2 inter-item correlations with at least 5 of the 19 items. Five out of the 8 items deleted had item-total correlations and adjusted item-total correlations of < 0.3 (Additional file 1: Table S1 ). A re-estimation of the 11 remaining items produced inter-item correlation coefficients ranging from 0.11 to 0.86 ( Table 2 ). The mean for item-total correlations for all 11 items was 0.63, with a range of 0.40 to 0.79. The mean for adjusted item-total correlations was 0.52, with a range of 0.28 to 0.72 ( Table 2) . The median for all 11 items was 4.0, except for "challenging task" and "BF Every feeding", and a mean range of 3.09 to 3.73 ( Fig. 1, Table 2 ). Items indicating greater confidence included "Enough milk", "Deal BF", and "Stop Other foods". Items where respondents indicated lower confidence included "EBF Liquid" and "EBF milk" (Fig. 1 , Table 2 ).
Extraction of factors
Two factors were identified from the 11 items using ML estimator ( Table 3 ). Three eigenvalues > 1 were produced off the Geomin oblique rotation (Table 4 ) and accounted for 60.9% of the variance in the data. Although three eigenvalues were produced, only two factors were tenable statistically. An examination of the scree plot showed a steep curve that leveled off at factor number 2 with a corresponding eigenvalue > 1 (Fig. 2 ). This also pointed to a two-dimensional scale. The sensitivity test using Horn's parallel analysis also produced a two-factor model (Additional file 2: Figure S1 ).
With the re-examination of factor loadings, one item -'Challenging task'with a lower factor loading (< 0.30) and a second item 'Manage BF' with a lower (< 0.30) and a non-significant factor loading were dropped from the list of items in the two-factor model ( Table 3 ). In all, a total of 10 items were dropped, seven from the original items adapted and three from the newly added items.
The remaining 9 items could be grouped into what we identified to be the Cognitive and Functional BSES-EBF subscales. The cognitive subscale consisted of four items reflecting the belief of participants to exclusively breastfeed (e.g. Stop Other foods). The functional subscale consisted of 5 items reflecting the competence, and ability of the participants to breastfeed (e.g. Enough Milk). Each factor had a Cronbach's alpha value greater than 0.70. Results from the analysis indicated satisfactory model fitness: χ2 (34) = 99.07, p < 0.001; RMSEA (0.09), CFI (0.93), SRMR (0.06), AIC (7521.89), and BIC (7671.38) (Two factor model, Table 4 ).
Test of dimensionality
Based on the EFA results, we hypothesized that the 9 items will represent a two-dimensional scale. Using CFA, we tested the hypothesis with data from 3 months postpartum (n = 238). The overall fit of the model for the initial test was poor on an absolute basis: χ2 (26) =90.62, p < 0.001; however, the descriptive model fit statistics indicated satisfactory model fitness: RMSEA (0.10), CFI (0.94), SRMR (0.06), AIC (5837.01), and BIC (5934.11) ( Table 4 ).
Model modification
To improve model fitness, we reran the analysis requesting for "modification indices" (MI) in Mplus using an MI of 3.84 to identify items that needed re-specification [53, 56] . A recommended change based on an MI greater than 3.84 will reduce χ2 by a statistically significant amount [57] . The modification results suggested two WITH statements (partial correlations), which Median for all items was 4.0 except 'challenging task' and 'BF Every feeding' , which was 3.0; All results obtained from women at one month postpartum referred to covariance between error terms associated with 2 identified paired items (Additional file 3: Table  S2 ). By correlating the error terms associated with D2L10 and D2M10, we would reduce χ2 by 19.49 points; the covariance estimate would change to 0.33 (Additional file 3: Table S2 ). Also, by correlating the error terms associated with D2S10 WITH D2R10, we would reduce χ2 by 13.94 points and the covariance estimate would change to 0.33. These estimated results made it statistically justifiable to correlate the two pairs of items for model improvement.
After re-specification of the model, our model fit indices improved greatly, without having a major effect on the estimates of other parameters in the model ( Table 4 ).
All model fit indices provided evidence for a two-dimensional scale: χ2 (24) =58.05, p < 0.001; RMSEA (0.08), CFI (0.97), TLI (0.95), WRMR (0.95), AIC (5837.01), and BIC (5912.48). Based on the results, a two-dimensional scale was accepted as an appropriate fit for our data giving a finalized scale of 9 questions reflecting exclusive breastfeeding self-efficacy ( Fig. 3 , Table 5 ).
In order to obtain the composite score for each of the two dimensions, we calculated the sum of responses for scale items at one and three months postpartum. At one month, the Cognitive subscale had a mean of 13.5 ± 4.1 and a range of 4-20 and the Functional subscale had a mean of 17.2 ± 4.3 and range of 5-25. The range for Notes: All items in exploratory factor analysis will have loadings on all factors; shown here are only the largest factor loadings (cut-off = 0.3) that were significant (p ≤ 0.05). 'Manage BF' was removed from the final model because it had no significant factor loading in the Two-factor model; 'Challenging task' was dropped because it was below the threshold of 0.3 each of the sub-scales remained the same at 3 months postpartum; however, there were slight increases in each of the scores ( Table 1) .
Reliability of the BSES-EBF scale
Reliability for the two subscales was measured using Cronbach's alpha and test-retest correlation at 1 and 3 months postpartum. The reliability test for the two subscales, Cognitive and Functional, produced respective Cronbach's alpha of 0.82 and 0.77 at month 1, and 0.85 and 0.79 at month 3 ( Table 6) . These values were consistently above the published satisfactory (0.70) thresholds for scale reliability [59, 61] . All corrected item-total correlations were positive and ranged between 0.28 and 70. We then assessed test-retest reliability by correlating the scores of each subscale at month 1 and month 3 to produce the coefficient of stability. Our estimation produced a significant correlation coefficient of 0.54 for the Cognitive subscale, and 0.22 for the Functional subscale. Both coefficients were below the threshold of 0.70 ( Table 6 ).
Validity of BSES-EBF scale Predictive validity
For predictive validity, we regressed exclusive breastfeeding behavior simultaneously on each of the subscales at 1, 3 and 6 months postpartum (Additional file 4: Table S3 ). Initial t-test results at one-month postpartum showed participants who exclusively breastfeed consistently had higher scores on both Cognitive (10.77 vs. 13.3, t = − 2.98, p = 0.003) and Functional (14.00 vs. 17.35, t = − 2.46, p = 0.014) subscales. Our logistic regression model showed that the Cognitive sub-scale at 1-month postpartum was predictive of EBF at 1 month and 3 months, but not at 6 months postpartum (Additional file 4: Table S3 ). The Functional sub-scale at 1-month post-partum was predictive of EBF behavior at 1 month postpartum. The OR was in the expected direction, but was not statistically significant. Furthermore, the Cognitive sub-scale at 3 months was predictive of EBF at 3 months (OR = 1.15, 95% CI:1.08, 1.21; p = 0.000) and 6 months (OR = 1.19, 95%CI: 1.09, 1.29; p < 0.001) postpartum. The Functional subscale at 3 months postpartum was predictive of EBF behavior at 3 months (OR = 1.07, 95%CI:1.03, 1.12; p = 0.001), but not the relationship was not statistically significant at 6 months. BSES-EBF scores predicted exclusive breastfeeding both concurrently and three months later.
Discriminant validity
We assessed discriminant validity using a two-factor latent variable model (LVM) of the BSES-EBF Scale score and two constructs, Exclusive Breastfeeding Social Support (EBFSS) and maternal depression. The model fit indexes suggested the LVMs were tenable for 6 out of the 8 interrelationships (Additional file 5: Table S4 ). The population correlation estimates between the Cognitive subscale and Informational EBFSS (ρ = 0.23, 95% CI: 0.10, 0.36; p = 0.001) and Emotional EBFSS (ρ = 0.28, 95% CI: 0.16, 0.40; p = 0.001) showed strong evidence of a weak (linear) relationship between exclusive breastfeeding self-efficacy and EBFSS (Fig. 4a & 4b) . Similarly, a weak correlation was evident between the Functional subscale and Instrumental EBFSS (ρ = 0.31, 95% CI: 0.18, 0.43; p = 0.001), Informational EBFSS (ρ = 0.39, 95% CI: 0.28, 0.50; p = 0.001), Emotional EBFSS (ρ = 0.47, 95% CI: 0.38, 0.57; p = 0.001), and depression (ρ = − 0.14, 95% CI: -0.28, − 0.01; p = 0.05) ( Fig. 4-4f ). In both constructs, the correlation estimates ranged from − 0.14 to 0.57.
Known group comparisons
In the final step, known group comparisons, we compared the position of multiparous vs. primiparous participants and participants with correct breastfeeding knowledge vs. incorrect breastfeeding knowledge on the two subscales (Additional file 4: Table S3 ). There were no significant differences between participants who were multiparous and primiparous, although multiparous participants did have slightly higher mean scores. However, participants with correct breastfeeding knowledge had higher mean scores on Cognitive (14.42 vs.12.24, t = − 4.19, p = 0.001) and Functional (17.41 vs.16 .81, t = − 1.07, p = 0.28) subscales than participants without correct breastfeeding knowledge. 
Discussion
We adapted the BSES-SF scale to measure exclusive breastfeeding self-efficacy among Ugandan women. The result was a final 9-item BSES-EBF Scale with two dimensions, Cognitive and Functional, that showed strong validity and reliability in measuring exclusive breastfeeding self-efficacy in northern Uganda. Its utility is in its specificity to exclusive breastfeeding self-efficacy over existing self-efficacy scales, including the original BSES-SF upon which this was based, that assess confidence in any breastfeeding, and its application for low-resource settings. It will be of particular use in any setting where breastfeeding is a widely practiced cultural norm but exclusive breastfeeding is not common. The BSES-EBF Scale was reliable at 1 and 3 months postpartum ( Table 6 ). The Cronbach's alpha for the two sub-scales were all above satisfactory thresholds with the Functional subscale above 0.70 and 0.80 for the Cognitive subscale [46, 59, 61] . However, the magnitude of the alpha coefficients of the subscales (0.82 and 0.77) was lower than Dennis' or other scales [19] [20] [21] . This is partially due to our subscales having fewer items, which produce lower Cronbach's alpha [38] . However, even these slightly lower Cronbach's alpha estimates, together with the other demonstrations of reliabilityadjusted item-total correlations and the test-retest reliabilitysupport our scale as having the requisite psychometric reliability. The lower coefficient of stability indicates the need to test for reliability across time and different populations.
Our modified scale, the BSES-EBF Scale, is distinct from Dennis' BSES-SF and her longer Breastfeeding Self-Efficacy Scale, in several ways. First, the BSES-EBF Scale is shorter (9 items), compared to the BSES-SF (14 items) or the original BSES scale (33 items) [11, 63] . The brevity of the BSES-EBF Scale is a significant advantage, in that it requires fewer resources, including time, to administer. Second, the BSES-EBF Scale targets the assessment of exclusive breastfeeding, rather than any breastfeeding or mixed-feeding.
Validity was tested using construct validity with both exploratory and confirmatory factor analysis, predictive validity, discriminant validity (correlational analysis), and known group comparisons. Previous scales developed on this subject used at most 3 out of the 4 validation procedures, except Dennis [10] , who used all four. Specifically, Cleveland and McCrone [19] , Hill and Humenick [20] , and Wells et al. [64] assessed construct validity, predictive validity, and correlations, without any assessment of known group comparisons. Wells et al. [21] measured construct validity and known group comparison, with no measurement of predictive validity. Our approach to discriminant validity differs significantly from all existing scales that used correlational analysis, as it uses latent variable modeling to discriminate between exclusive breastfeeding self-efficacy and other constructs within the population [38, 65] . Thus, we are able to conclude with a high degree of confidence that our scale can discriminate from other constructs such as exclusive breastfeeding social support and maternal depression. By applying a rigorous and multi-step approach, these validation techniques suggest support for the validity of our scale analogous to most existing breastfeeding self-efficacy scales.
The results of this study have programmatic and policy implication for supporting exclusive breastfeeding in northern Uganda. First, our descriptive results of BSES-EBF items showed high confidence with items depicting behavioral skills and lower confidence in items describing beliefs and attitudes towards EBF (Fig. 1, Table 2 ). Participants had lower confidence in their ability to give their infants only breast milk without using animal milk, formula or other liquids or foods as a supplement. They also had a much lower confidence about their ability to not give infants any water. Based on the findings of Cleveland and McCrone [19] , which show personal efficacy beliefs to be a significant predictor of exclusive breastfeeding, the use of educational interventions to change participants' beliefs about their ability to exclusively breastfeed has the potential to significantly increase exclusive breastfeeding among women in northern Uganda.
A second programmatic implication may be that the use of the BSES-EBF scale by health practitioners in clinics and the community may be able to target those with lowest perceived exclusive breastfeeding self-efficacy, i.e. those most in need of support. Interventions aimed at following-up with mothers who score low on the BSES-EBF Scale could significantly improve their breastfeeding behaviors through early intervention. Third, the two domains: functional and cognitive, of the BSES-EBF Scale can differentiate where mothers may be succeeding or struggling with exclusive breastfeeding practice, which can help target appropriate support. Finally, this scale may be useful programmatically in that it can be administered to participants during the evaluation of programs and policy initiatives aimed at increasing commitment to exclusive breastfeeding.
Although there are many strengths, there are several limitations in our study. First, the correlational effect we find between the different sub-scales at month one and three may be due to common method variance. Hence, it will be appropriate to test the hypothetical factor structure on a new sample to ascertain if they have the same meanings, latent factors, and factor loadings [38, 60] . Second, the lower coefficients of stability in the test-retest reliability may be due to behavioral changes which occur with lactating women after breastfeeding for some time [66, 67] . However, these lower coefficients reinforce the need to retest this scale in a new population.
Indeed, there is plenty of opportunity for further work on the BSES-EBF Scale. First, estimating the convergent validity of the scale (i.e. the 'true' correlation between the BSES-EBF Scale scores and constructs that tap into the same unobserved behavior) will add another piece of evidence to the validity of the scale [65] . Second, it is our hope that researchers will implement and assess the scale in settings outside of northern Uganda where initiation and continued breastfeeding are common, but rates of exclusive breastfeeding are low, as additional research is required to tests its reliability and predictive effects. Lastly, the use of the current scale can facilitate studies that test the magnitude of effect of exclusive breastfeeding self-efficacy on exclusive breastfeeding practice.
Conclusions
In summary, this study has demonstrated strong validity and reliability of a modified version of the original BSES-SF scale, the BSES-EBF Scale, which is shorter, more relevant, and valid for use in a setting with low rates of exclusive breastfeeding. Its use will surely enhance our understanding of the correlates of exclusive breastfeeding self-efficacy and exclusive breastfeeding practices globally.
